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Introduction
The two major functions of the testis, steroidogenesis
and gametogenesis, take place during fetal life (Fig. 1).
This period is critical for the testicular function in the
adult. Differentiation and development of the male
reproductive tract is critically dependent on normal
testicular development. Androgen, INSL3 and anti-
Mullerian hormone, secreted by Leydig cells and Ser-
toli cells (Fig. 1), ensure masculinization of the inter-
nal ducts and normal development of the male pheno-
type. In the human, testicular differentiation begins at
about 6 weeks after conception with the gradual devel-
opment of testicular cords containing Sertoli cells and
primordial germ cells (PGCs). The number of germ
and Sertoli cells formed during fetal life is essential for
adult fertility (Fig. 1). 
Our laboratory has for several years focused its
research on the ontogenesis of gametogenesis and
steroidogenesis. These two functions have been exten-
sively studied in rodents and adult humans. However,
their onset during fetal life is poorly documented in
humans. Six years ago, we established collaboration with
the Department of Obstetrics and Gynecology of R Fryd-
man at the Antoine Béclere Hospital. Testes are obtained
after legal abortion during the first trimester of pregnan-
cy, which is a critical period for testis differentiation.
The aim of this article is to present recent data on
the development of testicular function in humans and
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Review article
During the initial phase of sexual development, the
gonads develop in a non-sex-specific manner, being
morphologically identical in XX and XY embryos, and
are therefore named bipotential gonads. Concerning
the chronology of testicular development in humans,
PGCs, the founders of the germ line, start migrating
from the stalk of allantois at 4 weeks of gestation and
enter the bipotential gonad in the fifth week [1] (Fig.
2). In males, the PGCs are then enclosed by the differ-
entiating Sertoli cells. Thus, the first morphological
sign of testicular differentiation is the formation of tes-
ticular cords, which can be seen between 6 and 7
weeks of gestation (Fig. 2) [1,2]. At this stage and
throughout gestation, Sertoli cells start to produce anti-
Mullerian hormone (Fig. 3). Using an organotypic cul-
ture system, we have shown that the formation of sem-
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Fig. 1. Development of testicular function
during fetal life. Schematic representation of
the two major functions, spermatogenesis and
steroidogenesis. The micrograph shows
immunohistological staining of anti-Mullerian
hormone in a human seminiferous cord at 7-8
weeks of gestation.
Fig. 2. Comparative chronology of fetal testis
development in humans, rats and mice.
iniferous cords can be obtained in vitro without adding
any factors. Sertoli cells proliferate in seminiferous
cords, and we have shown in vitro that their rate of
proliferation is about 2-3%, and less than 1% of the
cells are apoptotic. These data are in accordance with
the studies of Bendsen and O'Shaughnessy indicating
that Sertoli cells increase regularly in number during
the first and second trimesters of gestation [3,4].
Concerning the ontogenesis of germ cells, these
cells appear in semithin sections or under the electron
microscope as big cells with a round nucleus and
clear cytoplasm (Fig. 4). In rodents, the germ cells
are named gonocytes throughout fetal life [5]. In
humans, fetal germ cells were first characterized
using morphological criteria. Several different types
of human testicular germ cells were found and their
names vary according to the research teams [1,6,7].
Recently, an immunohistochemical study using germ
cell markers characterized three different types of
human testicular germ cells: gonocytes, intermediate
germ cells, and prespermatogonia [6] (Fig. 5). It is
important to note that the different types of germ
cells are present at the same age, indicating that the
population of germ cells is very heterogeneous. Not
all the cells of one subpopulation express every
marker. For example, only 74% of gonocytes express
Oct 3/4 [8]. Lastly, it is interesting to note that sever-
al markers of human fetal germ cells, such as AP2γ,
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Fig. 3. A: Histological micrograph of
human fetal testis (10.7 weeks of
gestation) stained by hematoxylin/
eosin, with the different cell types
and structures. B: Immunohistologi-
cal staining of anti-Mullerian hor-
mone showing seminiferous cords in
a human fetal testis (7-8 weeks of
gestation) and the negatively stained
germ cell.
Fig. 4. Semithin section and electron micro-
graph of a male germ cell inside a seminif-
erous cord in a human fetal testis.
M2A and Oct 3/4 (Fig. 5), are found in adult testicu-
lar cancer cells [9].
During the first trimester of gestation, we have
shown that the rate of proliferation of gonocytes is
about 25-30%, and about 2% of the cells are apop-
totic. These data are in accordance with the studies
of Bendsen and O'Shaughnessy indicating that germ
cells increase regularly in number during the first
and second trimesters of gestation [3,4]. In rodents,
the gonocytes proliferate in the seminiferous cords
until fetal day 18.5 (rat) or 15.5 (mouse), after
which they become quiescent until postnatal day 2-
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Fig. 5. Chronology of human male
fetal germ cell development and
expression of different markers in
gonocytes.
Fig. 6. Chronology of steroidogenic
function in human fetal testis, includ-
ing testosterone level and Leydig cell
number.
3 (rat) or birth (mouse), when they resume mitosis
(Fig. 2).
Nevertheless, in humans, such alternate periods of
activity (mitosis and apoptosis) and quiescence have
never been reported and the rate of proliferation
observed in our study suggests that the quiescent phase
does not exist during the first trimester. 
The steroidogenic function of human fetal testis is
better documented. Steroid-secreting Leydig cells can
be seen in the testis at 8 weeks of gestation [10]. At this
period, the concentration of androgens in the testicular
tissue and blood starts to rise, peaking at 14-16 weeks
of gestation [11,12] (Fig. 6). This increase comes with
an increase in the number of Leydig cells [11]. During
the first trimester of gestation we have shown that
testosterone secreted in vitro increases strongly since
at 7 weeks of gestation testis produced about 10
pg/testis/hour, whereas at 12 weeks of gestation the
production reaches 10 000 pg/testis/hour.
In the second part of this article, we investigate the
regulations or perturbations of human fetal testis
development. We have developed an organ culture sys-
tem in which the architecture of the testis and intercel-
lular communications are conserved [13,14]. This in
vitro system allows us to mimic the development of
Sertoli cells, gonocytes and Leydig cells observed in
vivo, with no need to add serum or other factors. It is,
of course, the only approach usable for experimental
studies in humans. Using it, we have shown the impor-
tance of vitamin A and its biologically active metabo-
lite, retinoic acid, during the development of rat [15],
mouse (unpublished data) and human testis [16]. We
have also used it to study the effects of heavy metals
(cadmium and uranium), γ irradiation (Lambrot et al.
2007) and endocrine disruptors (such as phthalates) in
humans (Lambrot* and Muczynski* et al. 2009). We
have shown that in the three species studied, retinoic
acid reduces the number of gonocytes by increasing
their apoptosis. For steroidogenic function, retinoic
acid reduces testosterone production in rats [15], but
increases it both in mice (unpublished data) and
humans [16] (Fig. 7). Concerning the effect of cadmi-
um, human fetal testis seems particularly sensitive
compared with the mouse model. Indeed, a cadmium
concentration as low as 1 μM decreases human germ
cell number by increasing apoptosis, but has no effect
in mice (Fig. 7) (unpublished data). 
We have shown that gonocytes were highly sensi-
tive to irradiation even at doses as low as 0.1 and 0.2
Gy, and died by apoptosis. Sertoli cells were less
affected, although their proliferation was modified.
These effects involve the p53 pathway. Irradiation had
no effect on testosterone secretion or on the expression
of steroidogenic enzymes by Leydig cells [17] (Fig. 7).
Lastly, we have demonstrated for the first time that
phthalates, in particular MEHP (mono-2-ethylhexyl
phthalate), an industrial chemical found in many prod-
ucts, alter the development of the germ cell lineage in
human. However, in contrast to findings in rats, phtha-
lates did not affect steroidogenesis [18]. These results
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Fig. 7. Comparative summary of the
effects of various factors on testicular
function in rat, mouse and human testis,
in the organotypic culture system.
highlight the specificity of the human model compared
with rodent models. In the current environmental con-
text, this highlights the need for such experiments on
human fetal testis as a public health priority.
Conclusion
We have set up methods to study the development of
the human fetal testis, which has particular character-
istics compared with rodent testis. We have developed
an organotypic culture system which appears to be a
suitable model for studying the regulation or disrup-
tion of testicular development. Using this model, we
have shown species-specific responses to different fac-
tors. Our findings provide important insight into the
potential role of exposure to environmental pollutants
(physical factors, in particular ionizing radiation, cad-
mium and endocrine disruptors such as phthalates)
during fetal testicular development and their potential
deleterious effects on male fertility in adulthood.
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